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1
CARRIER SELECTION

FIELD

The invention relates generally to mobile communication
networks. More particularly, the invention relates to interfer-
ence management and carrier selection for transmitting data.

BACKGROUND

Interference management is of great importance in radio
communication networks. Without proper interference man-
agement, the resources of the network cannot be efficiently
utilized. Inter-cell Interference may be caused when a base
station applies same carrier frequency as another, neighbor-
ing base station such that the signals from the two base sta-
tions interfere each other.

In order to avoid or mitigate such interference, a so-called
autonomous component carrier selection (ACCS) is pro-
vided. According to the ACCS, each base station aims at
selecting a carrier that does not interfere with the carrier of
another base station. The base stations utilize information
obtained from the neighboring base stations when initially
selecting a suitable carrier.

However, there are problems related to the ACCS. These
problems include lack of sufficient information from the
neighboring base station, uncertainty of the availability and
the correctness of the selected carrier, etc. Thus, it is impor-
tant to provide an improved solution for the carrier selection.

BRIEF DESCRIPTION OF THE INVENTION

Embodiments of the invention seek to improve the carrier
selection.

According to an aspect of the invention, there is provided a
method as specified in claim 1.

According to an aspect of the invention, there are provided
apparatuses as specified in claims 10 and 19.

According to an aspect of the invention, there is provided a
computer program product as specified in claim 20. Embodi-
ments of the invention are defined in the dependent claims.

LIST OF DRAWINGS

In the following, the invention will be described in greater
detail with reference to the embodiments and the accompa-
nying drawings, in which

FIG. 1 presents a network according to an embodiment;

FIG. 2 shows another network according to an embodi-
ment;

FIG. 3 shows aggregation of component carriers, accord-
ing to an embodiment;

FIG. 4 illustrates a matrix of selected carriers, according to
an embodiment;

FIG. 5 illustrates a timing framework for the selection of
the cell-specific carrier, according to an embodiment;

FIG. 6 shows an apparatus according to an embodiment;
and

FIG. 7 shows a method for selecting the cell-specific car-
rier according to an embodiment.

DESCRIPTION OF EMBODIMENTS

The following embodiments are exemplary. Although the
specification may refer to “an”, “one”, or “some” embodi-
ment(s) in several locations of the text, this does not neces-

sarily mean that each reference is made to the same embodi-
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ment(s), or that a particular feature only applies to a single
embodiment. Single features of different embodiments may
also be combined to provide other embodiments.

Radio communication networks, such as the Long Term
Evolution (LTE) or the LTE-Advanced (LTE-A) of the 3rd
Generation Partnership Project (3GPP), are typically com-
posed of at least one base station (also called a base trans-
ceiver station, a Node B, or an evolved Node B, for example),
a user equipment (UE) (also called a user terminal (UT) and
a mobile station (MS), for example) and optional network
elements that provide the interconnection towards the core
network. The base station connects the UTs via the so-called
radio interface to the network.

FIG. 1 shows a communication network, according to an
embodiment. As explained, the communication network may
comprise a base station 102. The base station 102 may pro-
vide radio coverage to a cell 100, control radio resource
allocation, perform data and control signaling, etc. The cell
100 may be a macrocell, a microcell, or any other type of cell
where radio coverage is present. Further, the cell 100 may be
ofany size or form, depending on the antenna system utilized.

In general, a base station 102 applicable to the embodi-
ments may be configured to provide communication services
according to at least one of the following communication
protocols Worldwide Interoperability for Microwave Access
(WiMAX), Universal Mobile Telecommunication System
(UMTS) based on basic wideband-code division multiple
access (W-CDMA), high-speed packet access (HSPA), LTE,
and/or LTE-A. The base station 102 may additionally provide
the second generation cellular services based on GSM (Glo-
bal System for Mobile communications) and/or GPRS (Gen-
eral Packet Radio Service). The present embodiments are not,
however, limited to these protocols.

The base station 102 may be used in order to provide radio
coverage to the cell 100. The base station 102 may be seen as
one communication point of the network. The base station
102 may also be called a wide area (WA) base station due to
its broad coverage area. The base station 102 may be node B,
evolved node B (eNB) as in LTE-A, a radio network control-
ler (RNC), or any other apparatus capable of controlling radio
communication and managing radio resources within the cell
100. The base station 102 may also have an effect on mobility
management by controlling and analyzing radio signal level
measurements performed by a user terminal, carrying out its
own measurements and performing handover based on the
measurements.

For the sake of simplicity of the description, let us assume
that the base station is an eNB. The development of the
evolved universal mobile telecommunication’s system
(UMTS) terrestrial radio access network (E-UTRAN), which
is the air interface of the LTE, is concentrated on the eNB 102.
All radio functionality is terminated here so that the eNB 102
is the terminating point for all radio related protocols. The
E-UTRAN may be configured such that orthogonal fre-
quency division multiple access (OFDMA) is applied in
downlink transmission, whereas single carrier frequency
division multiple access (SC-FDMA) may be applied in
uplink, for example. In the case of multiple eNBs in the
communication network, the eNBs may be connected to each
other with an X2 interface as specified in the LTE.

The eNB 102 may be further connected via an S1 interface
to an evolved packet core (EPC) 110, more specifically to a
mobility management entity (MME) and to a system archi-
tecture evolution gateway (SAE-GW). The MME is a control
plane for controlling functions of non-access stratum signal-
ing, roaming, authentication, tracking area list management,
etc., whereas the SAE-GW handles user plane functions
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including packet routing and forwarding, E-UTRAN idle
mode packet buffering, etc. The user plane bypasses the
MME plane directly to the SAE-GW. The SAE-GW may
comprise two separate gateways: a serving gateway (S-GW)
and a packet data network gateway (PGW). The MME con-
trols the tunneling between the eNB and the S-GW, which
serves as a local anchor point for the mobility between dif-
ferent eNBs, for example. The S-GW may relay the data
between the eNB and the P-GW, or buffer data packets if
needed so as to release them after appropriate tunneling has
been established to a corresponding eNB. Further, the MMES
and the SAE-GWSs may be pooled so that a set of MMES and
SAEGWSs may be as-signed to serve a set of eNBs. This
means that an eNB may be connected to multiple MMES and
SAE-GWs, although each user terminal is served by one
MME and/or S-GW at a time.

According to an embodiment, the eNB 102 may establish a
connection with a user terminal (UT) 108A to 108D such as a
mobile user terminal, a palm computer, user equipment or any
other apparatus capable of operating in a mobile communi-
cation network. That is, the UT 108A to 108D may perform
data communication with the eNB 102.

As interference management is clearly important for a
cellular network, it has been identified that efficient interfer-
ence management schemes are needed for the optimization of
heterogeneous networks. The heterogeneous network is used
for denoting a wireless networks using different access tech-
nologies. For example, a wireless network which provides a
service through a wireless local area network (WLAN) and is
able to maintain the service when switching to a cellular
network is called a wireless heterogeneous network. In gen-
eral, the heterogeneous network represents a deployment sce-
nario where the cellular layout is not regular. That is, the
distance between neighboring cells is not constant. There
may also be base stations or eNBs of different nature. For
example, they may be separated by their maximum transmit
power in case a network of macro eNBs, pico and home eNBs
(femto cell) are employed, where the two latter will have
lower transmit power by default, and create cell coverage
areas that do not have the same size.

An exemplary network where the embodiments may be
applied is shown in FIG. 2, where the network comprises five
base stations 210 to 218, each of them providing radio cov-
erage to a respective cell 200 to 208. In addition to public base
stations (or eNBs) 210 to 214 and 218, the network may
comprise a private base station 216. The private base station
may also be called a femto cell. It may be established by a
private user at his or her home or office, for example. The base
stations (BS) 214 may communicate with the BSs 210, 212
and 216 via the X2 interfaces 220, 222 and 226, respectively.
In the exemplary network of FIG. 2, it is assumed that the BS
218 is not active. That is, the BS 218 is on stand-by mode and
is not connected to any of the other NS 210 to 216.

One of the proposed interference management schemes for
the LTE-Advanced utilizes a carrier aggregation (CA), where
multiple component carriers are aggregated to provide nec-
essary bandwidth. The CA is illustrated in FIG. 3, where
multiple component carriers (or simply carriers) 302 to 310
are aggregated along the frequency domain 300. Access to
large amounts of contiguous spectrum, in the order of 100
MHz, may not always be possible. The use of carrier aggre-
gation provides a tool for alleviating this. From a baseband
perspective, there is no difference if the component carriers
are contiguous in frequency or not. This could allow for
aggregating non-contiguous spectrum fragments by allocat-
ing different fragments to different component carriers.
Whether carrier aggregation is used or not, and which com-
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ponent carriers to aggregate, may be predetermined as part of
the system information. In an embodiment, the data streams
from the different component carriers are aggregated above a
media physical access (MAC) layer. This implies that hybrid-
ARQ retransmissions are performed independently per com-
ponent carrier. Further, transmission parameters such as a
modulation scheme and a code rate may also be selected per
component carrier. Having a structure allowing for indepen-
dent operation per component carrier is useful in case of
aggregating component carriers from different frequency
bands with different radio-channel quality.

An exemplary interference management scheme is called
the autonomous component carrier selection (ACCS).
According to the ACCS, it is proposed that each cell auto-
matically selects one of the component carriers as its primary
carrier (also called the base carrier) when the BS is powered
on. The base carrier is a cell-specific carrier, not the user
terminal/equipment specific cell/carrier. Let us assume that in
FIG. 2, the BS 214 is powered on. The initial selection of the
cell-specific component carrier as the cell-specific base car-
rier (BC) is performed by the BS 214. The BS 214 then uses
the BC for initial connection of terminals in the cell. For this
reason, the BC may have full control common channel cell
coverage regardless of the served UT capabilities.

Depending on the traffic in cell and the mutual interference
coupling with the surrounding cells, transmission and/or
reception on all component carriers may not always be the
best solution, especially for the cell-edge users. As a conse-
quence, each cell may dynamically select secondary (or
supplementary) component carriers for transmission/recep-
tion. This may take place after having selected the base car-
rier. The component carriers not selected for base carriers or
for supplementary carriers may be assumed to be muted (up-
link/downlink) and not used by the cell. The supplementary
(component) carriers (SC) may also be cell-specific. The
selection of the SCs may be based upon a so-called back-
ground interference matrix (BIM) collected at each base sta-
tion. The BS may perform both own measurements and/or
derive information obtained either through user terminals/
equipments or through the network when collecting the infor-
mation for the BIM. The BIM is used by the base stations to
determine if it is allowed to take additional component carri-
ers into use without causing too low performance in the
surrounding cells using the same carriers.

Let us discuss the selection of the base carrier (BC) further.
As said, let us assume that in FIG. 2, the BS 214 is powered
on. The BC selection may utilize inter BS reference symbol
received power (RSRP) measurements, where the BS 214
measures the RSPR from its neighboring BSs 210, 212 and
216. It may be that the BS 214 measures the RSRP on the
component carriers of the surrounding cells, and that knowl-
edge of their corresponding reference symbol transmit power
is available (for example, signaled between the BSs 210 to
216), so that the inter BS path loss can be estimated. When
there is no standardized way of exchanging the transmit
power between the BS 210 to 216, it may be assumed that all
neighbor BSs transmit with the same power. When there is a
mixture of macro sites (public BSs 210, 212) and home BSs
(such as the private base station 216), it may further be
assumed that different transmit powers exists according to the
power class (and potential power control) of the BS. That is,
different transmit powers may exist between the public BS
210 and the private BS 216, for example. The inter BS path
loss measurements are used to ensure that only BSs with the
largest possible path loss separation select the same compo-
nent carrier for the base carrier.
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In the network of FIG. 2 comprising BSs 210 to 218 and
assuming the five available carriers 302 to 310 of FIG. 3, a
matrix of FIG. 4 may be generated. In the matrix 400 each
column corresponds to a detected neighboring BS 210, 212,
216 and 218 and the estimated path-loss to it, while each row
corresponds to one of the configured system carriers 302 to
310. It is assumed that the BS 214 is switched on and is
gathering the matrix 400. One element in the matrix indicates
the type of the corresponding carrier 302 to 310 by each of the
base stations 210 to 212 and 216 to 218. That is, is the BS 210
10212 and 216 to 218 applying the carrier 302 to 310 as a base
carrier (B) or a supplementary (S) carrier.

Each neighboring BS 210 to 212 and 216 to 218 may
broadcast its own radio resource allocation table (RRAT) over
a specified signaling channel over the X2 interface or via
in-band inter BS over-the-air communication. The broadcast
may instead be a point-to-point message when the signaling
channel capacity allows this and the eNB IDs are available.
According to an embodiment, the information related to one
or more selected carriers from the at least one neighboring
base station 210 to 212 and 216 to 218 indicates the one or
more carriers the neighboring base station is applying and
which of the one or more carriers applied is a base carrier
primarily used for data transmission, wherein the possible
carriers to be applied by any base station are predefined. Thus,
the information received (for example, the RRAT) corre-
sponds to one column in the matrix 400 and from all the
received information the BS 214 can build the full matrix 400.
The matrix can be called a component carrier allocation table
(CCRAT). Naturally, the exact procedure to build and use the
matrix 400 from the available information can be implemen-
tation-specific.

Further, a path-loss threshold parameter may be used so
that any BS builds its matrix using the information only from
the neighboring BSs which have an estimated path-loss below
the predefined threshold, That is, the BS 214 may disregard
the information received from a neighboring base station
when it is determined that a propagation loss from the neigh-
boring base station is above a predefined threshold. In FIG. 4,
the column 402 is assumed to have been received but due to
high path loss, the information is disregarded. This is benefi-
cial so that the number of the available base carriers is not
unnecessarily limited due to selections performed at a base
station that is located relatively far away. The selection of a
same carrier by these base stations may not cause any harm to
each others because the carrier signal strength is sufficiently
reduced at the considered remote BSs. Based on the path loss
information, the BSs 210 to 212 and 216 to 218 may be sorted
according to the experienced path loss.

By the information comprised in the matrix 400, a proce-
dure for selecting the base carrier and the supplementary
carriers may be performed. As an example, the selection of
the base carrier may take place in the following manner:

1) When there are row entries in the matrix 400 with no B- or
S-selections, then the component carrier corresponding to the
row is selected. When there are multiple of such rows, either
select randomly, or select the component experiencing the
lowest received interference power).

2) When there are no free rows but there are row entries
without “B”, select one of those for the base carrier. When
there are multiple rows without “B”, select the carrier corre-
sponding to the row entry with lowest number of “S” as the
base carrier.

3) When all row entries include “B”, select, as the base carrier,
the component carrier with maximum path loss to the neigh-
boring BS having the same carrier as its base carrier.
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4) When there are multiple candidate component carriers for
the base carrier according to the above rules 1 to 3, select the
component carrier with lowest experienced interference.
According to an embodiment, each BS always selects one
base component carrier and zero or more supplementary car-
riers. The inter-BS RSRP measurements may only be needed
by a new BS when they are switched on (standby off), and
therefore have no transmission. After the new BS has selected
its base component carrier it can start transmitting on that
carrier, and can start to carry traffic. As the traffic demands for
the cell increases, more component carriers may be selected
as the supplementary carriers.

However, as assumed in FIG. 2, not all the BSs are active all
the time. In FIG. 2, it is assumed that the BS 218 is not active.
This can be due to long-term traffic demand patterns, e.g. time
of the day dependent traffic, and also due to random activa-
tion/deactivation (power off/on) of the BS 218, e.g. in resi-
dential use cases. Further, in case of network energy saving
scenarios where different nodes are switched off during ‘idle’
periods, time-domain variations may take place in the infor-
mation from the neighboring BSs. This ‘time-domain’ aspect
leads to the natural cases where the inter-BS matrix 400
collected at a given BS, may contain only partial information
even for the entries corresponding to the set of BSs which
would normally be below the path loss threshold used. In the
matrix 400, the column corresponding to the BS 218 may not
be received even though it would be below the propagation
loss threshold if it was turned on.

In order to improve the cell-specific base carrier selection
procedure, the BS 214, according to an embodiment, deter-
mines a maximum allowed time duration TMAX 500 for the
carrier selection 501, as shown in FIG. 5 along a time line 550.
The BS 214 may perform the following within the determined
maximum allowed time duration TMAX: obtaining informa-
tion related to one or more selected carriers from at least one
neighboring base station 210 to 212 and 216 to 218, selecting
the at least one cell-specific base carrier for data transmission
on the basis of the obtained information, and informing the at
least one neighboring base station 210 to 212 and 216 to 218
of the selected cell-specific base carrier. The informing may
happen either through the wireless interface or through the X2
interface, for example. The information informed to the at
least one neighboring base station may be the RRAT, for
example. When the information is broadcasted or informed in
point-to-point communication, it is up to the receiving BS
(eNB) to decide whether to use the information or not. In this
sense, the BS 214 makes the information available for at least
one neighboring base station 210 to 212 and 216 to 218. The
maximum allowed time duration TMAX allows for avoiding
the BC selection algorithm to get into a state of indecisiveness
(where it toggles between a plurality of solutions that are
perceived as being equally good, or potentially in case two
base stations turned on at approximately the same time are
forcing each other to use another carrier, thereby causing a
ping-pong effect).

The maximum allowed time duration TMAX may start
from the time instant 502 of the initiating trigger/event.
Among possible triggers is the power-ON or standby-OFF by
the corresponding BS, for example. Further, the period may
be triggered by the BS 214 being switched on or after a reset.
The period may also start when the BS 214 is switched on
remotely or woken up after some “sleep mode”. The period
ends when the maximum allowed time duration TMAX
expires at point 504. During the carrier selection 501, no user
terminals are connected to the BS 214. After the carrier selec-
tion 501, the BS 214 may start to connect to UTs (UEs). In
general, it is the user equipment that may discover the new



US 9,100,959 B2

7

base station and try to connect to it. When the base station
(eNB) starts transmitting its common channels, the UE may
discover it and may try to obtain access through the random
access channel (RACH procedure).

According to an embodiment, the BS 214 may further
determine a first minimum allowed time duration TIMIN
506. The BS 214 may then perform a process of obtaining
information from at least one neighboring base station, select-
ing the cell-specific base carrier, and informing the at least
one neighboring base station, wherein the duration of the
process is at least the period of the first minimum allowed
time duration TIMIN 506. The maximum duration of this
process is the determined maximum allowed time duration
TMAX 500.

The BS 214 may further repeat the process 508 of obtaining
information from at least one neighboring base station, select-
ing the cell-specific base carrier, and informing the at least
one neighboring base station, thus enabling reselection of the
cell-specific base carrier, wherein the aggregate duration for
the consecutive processes 508A to 508C is within the deter-
mined maximum allowed time duration TMAX 500. That is
the overall maximum time limit for performing one or more
of these processes 508 may be the determined maximum
allowed time duration TMAX 500. This enables that a num-
ber of attempts are made for selecting the best BC. The
repeating may be performed when new information from at
least one neighboring base station is expected to be available.
In each 508 period one or more eNB could be detected.
Therefore the consequent 508 periods can be used for refining
the CCRAT information from the previous 508 period(s). The
number of repeated processes 508A to 508C may be imple-
mentation/vendor specific. The number may depend on how
reliable BC selection is required: more repeated periods for
the process 508 ensure more information collected.

The BS 214 may further obtain information of the selected
cell-specific base carrier from the at least one neighboring
base station 210 to 212 and 216 to 218 in the form of their
RRAT information, for example. The information may be
received as broadcasted information or as a point-to-point
information. The information sending may be initiated by the
neighboring eNB based on the running ACCS algorithms.
However, the information may be also requested by the eNB
214. As a result, the BS 214 may repeat the process 508 when
the obtained information indicates that interference above a
predefined threshold is caused to at least one neighboring
base station. In addition to the interference criteria or instead
of the interference criteria, own BS measurements and/or
combination of measurements and received RRAT may trig-
ger a new attempt of defining the base carrier. The interfer-
ence limit may be preconfigured to the BS 214 or given as
initial setup. Thus, the proposed timing framework enables a
negotiation phase where the BS 214 performing the carrier
selection is allowed to re-evaluate its decision (for example,
when it starts sending its decision it might get feedback on
this). Hence, the number of attempts 508 A to 508C within the
maximum allowed time duration TMAX 500 timer will deter-
mine the number of ‘negotiation” attempts.

According to an embodiment, the BS 214 may further
dynamically determine the time duration for each repeated
process 508A to 508C, the time duration being within the first
minimum allowed time duration TIMIN 506 and the maxi-
mum allowed time duration TMAX 500. Thus, the BS 214
may during the process 508 (inreal time) determine that more
time is needed for this repeated process 508 A to 508C. The
decision to adapt the time duration for the process S08A to
508C may be based on based on available system informa-
tion, for example, the number of detected neighboring BSs
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210 to 212 and 216 to 218, etc. Other possible grounds for
adapting the period may be preconfigured by the operator for
their BSs or measured/estimated directly at the BS. Possible
parameters to take into account include for example maxi-
mum transmit power, receiver category (if defined), antenna
configuration (multiple-input multiple-output, etc), overall
level of wideband interference detected at the BS 214, pos-
sible geo-location information indicating the eNB spatial
densities.

The BS 214 may determine a selection time duration TSEL
510. The BS 214 may use the selection time duration for
performing the process 512 of obtaining information from at
least one neighboring base station 210 to 212 and 216 to 218
and selecting the cell-specific base carrier, wherein the dura-
tion of the process 512 is the selection time duration 510. The
maximum time duration of the selection time duration TSEL
510 is based on the configured maximum allowed time dura-
tion TMAX 500 and the first minimum allowed time duration
T1MIN 506. According to an embodiment, one selection time
period TSEL 510 comprises at minimum one period 522 for
obtaining the RRAT information from the neighboring base
station 210 to 212 and 216 to 218 and one period 524 for
selecting the cell-specific base carrier.

However, the processes 518A to 518C and 520A to 520C
can be performed more than once within the selection time
duration TSEL 510, as shown in FIG. 5. Thus, the BS 214 may
dynamically decide to repeat the process of obtaining infor-
mation (such as the RRAT information) from at least one
neighboring base station 210 to 212 and 216 to 218 and
selecting the cell-specific base carrier, wherein the aggregate
duration of the consecutive processes 518A to 518C and
520A to 520C is the determined selection time duration TSEL
510. The number of the repeated processes 518A to 518C and
520A to 520C may be set dynamically (in real time during the
selection duration TSEL 510) based on available system
information, such as the number of the detected neighboring
BSs 210 to 212 and 216 to 218. Thus, the process may be
repeated when the number of neighboring base stations 210 to
212 and 216 to 218 exceeds a predefined threshold, for
example.

The BS 214 may further determine a second minimum
allowed time duration T2MIN 516 and perform the informing
514 ofthe atleast one neighboring base station 210 to 212 and
216 to 218 for at least the period of the second minimum
allowed time duration T2MIN 516. This ensures that all the
neighboring base stations receive up-to-date information
regarding the selected base carrier.

During the BC signaling, possibly via the RRAT, the BS
214 may send its decision over a backhaul signaling link
(wired or wireless), or the BS 214 may start sending broadcast
signaling and reference symbols to allow other BSs to sense
the presence of this BS 214 and to include the signaled infor-
mation into their corresponding CCRAT matrices 400 of F1G.
4. This enables for negotiation regarding which of the carriers
is seen as the best choice for the base carrier when the infor-
mation from the BS 214 has been added to the overall system.

According to an embodiment, the BS 214 may further
determine a third minimum allowed time duration T3MIN
522 and perform the obtaining of the information from the at
least one neighboring base station 210 to 212 and 216 to 218
for at least the period of the third minimum allowed time
duration T3MIN 522.

According to an embodiment, the BS 214 may further
determine a fourth minimum allowed time duration T4MIN
524 and perform the selection of the cell-specific base carrier
for at least the period of the fourth minimum allowed time
duration T4MIN 524.
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For correct setting of the maximum allowed time duration
TMAX, the selection time duration TSEL and the first
T1MIN, second T2MIN, third T3MIN and fourth T4MIN
minimum allowed time duration, the following equation
needs to be fulfilled:

TMAX>=Nx [Mx(T3MIN+T4MIN)+ T2MIN] o)

where N is an integer number larger than zero indicating how
many times the process 508 is repeated and M is an integer
number larger than zero indicating how many times the pro-
cesses 518 and 520 are repeated.

It should be noted that when the duration is determined as
maximum or minimum, the process within the duration may
end sooner or later than the determined time duration, respec-
tively. However, when the time duration is a determined dura-
tion, such as the TSEL, the duration of the period is as deter-
mined.

As the process allows for reselection of the base carried
based on possibly obtained information (such as feedback or
broadcasted RRAT, for example), the selection of the base
carrier may be called initial selection of the base carrier. This
implies that the overall carrier selection 501 may lead to
different carrier selection than the first selection performed in
508A (in case of repeated processes S08A to 508C). A very
general architecture of an apparatus according to an embodi-
ment is shown in FIG. 6. FIG. 6 shows only the elements and
functional entities required for understanding the apparatus
according to an embodiment. Other components have been
omitted for reasons of simplicity. The implementation of the
elements and functional entities may vary from that shown in
FIG. 6. The connections shown in FIG. 6 are logical connec-
tions, and the actual physical connections may be different.
The connections can be direct or indirect and there can merely
be a functional relationship between components. It is appar-
ent to a person skilled in the art that the apparatus may also
comprise other functions and structures. The apparatus may
be, for example, a base station 210 to 218 of FIG. 2, such as
an eNB of the LTE.

The apparatus 600 for carrier selection may comprise a
processor 602. The processor 602 may be implemented with
a separate digital signal processor provided with suitable
software embedded on a computer readable medium, or with
a separate logic circuit, such as an application specific inte-
grated circuit (ASIC). The processor 602 may comprise an
interface, such as computer port, for providing communica-
tion capabilities. The processor 602 may be, for example, a
dual-core processor or a multiple-core processor.

The apparatus 600 may comprise a memory 604 connected
to the processor 602. However, memory may also be inte-
grated to the processor 602 and, thus, no memory 604 may be
required. The memory may store initial base carrier selec-
tions, path loss values, timing framework parameters such as
TMAX, TSEL, TIMIN, T2MIN, T3MIN and T4MIN, for
example.

The apparatus 600 may further comprise a transceiver
(TRX) 606. The TRX 606 may further be connected to one or
more antennas 608 enabling connection to and from an air
interface. The TRX 606 may be used in signaling the selected
base carrier, for example.

The processor 602 may comprise a radio control circuitry
612 for performing radio control related functionalities. The
functionalities may comprise measuring the propagation loss
of' the received radio signals, for example. The processor 602
may comprise a carrier selection circuitry 610 for selecting
the cell-specific base carrier.

As used in this application, the term ‘circuitry’ refers to all
of the following: (a) hardware-only circuit implementations,
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such as implementations in only analog and/or digital cir-
cuitry, and (b) combinations of circuits and software (and/or
firmware), such as (as applicable): (i) a combination of pro-
cessor(s) or (ii) portions of processor(s)/software including
digital signal processor(s), software, and memory(ies) that
work together to cause an apparatus to perform various func-
tions, and (¢) circuits, such as a microprocessor(s) or a portion
of'a microprocessor(s), that require software or firmware for
operation, even if the software or firmware is not physically
present.

This definition of “circuitry” applies to all uses of this term
in this application. As a further example, as used in this
application, the term ‘circuitry” would also cover an imple-
mentation of merely a processor (or multiple processors) or a
portion of a processor and its (or their) accompanying soft-
ware and/or firmware. The term ‘circuitry’ would also cover,
for example and if applicable to the particular element, a
baseband integrated circuit or applications processor inte-
grated circuit for a mobile phone or a similar integrated circuit
in a server, a cellular network device, or another network
device.

FIG. 7 shows a method for performing the cell-specific
base carrier selection. The selection may be performed as part
of'the ACCS. The method begins in step 700. In step 702, the
method comprises determining a maximum allowed time
duration. In step 704, the method comprises performing
within the determined maximum allowed time duration:
obtaining information related to one or more selected carriers
from at least one neighboring base station, selecting the at
least one cell-specific base carrier for data transmission on the
basis of the obtained information, and informing the at least
one neighboring base station of the selected cell-specific base
carrier. The method ends in step 706.

The embodiments of the invention offer many advantages.
The proposed embodiments provide a general timing frame-
work for the base carrier selection. Although the embodi-
ments have been described as using the matrix-based BC
selection algorithm, the timing mechanisms proposed apply
to any other similar de-centralized algorithm, i.e. running
independently in each BS, which targets the selection of a BC
based on broadcasted or signaled information from the neigh-
boring BSs. Further, the embodiments provide a maximum
allowed time-interval for this procedure to ensure that a state
of'indecisiveness is avoided. The iterative mechanism(s) used
to refine the very first selection when more information
becomes available during the maximum allowed time-inter-
val ensure more reliable and optimum selection. The iterative
processes may lead to for example iteratively building the
matrix 400 of FIG. 4. The inter-BS signaling requirements
(periodicity, repetition, etc.) during this procedure ensure at
least close to optimal BC selection and adequate protection of
the base carriers already selected by the neighboring BSs. The
embodiments provide a simple but robust mechanism which
ensures that all BSs running the ACCS process can select
component carriers in a fair manner.

The techniques and methods described herein may be
implemented by various means. For example, these tech-
niques may be implemented in hardware (one or more
devices), firmware (one or more devices), software (one or
more modules), or combinations thereof. For a hardware
implementation, the apparatus of FIG. 6 may be implemented
within one or more application-specific integrated circuits
(ASICs), digital signal processors (DSPs), digital signal pro-
cessing devices (DSPDs), programmable logic devices
(PLDs), field programmable gate arrays (FPGAs), proces-
sors, controllers, micro-controllers, microprocessors, other
electronic units designed to perform the functions described
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herein, or a combination thereof. For firmware or software,
the implementation can be carried out through modules of at
least one chip set (e.g. procedures, functions, and so on) that
perform the functions described herein. The software codes
may be stored in a memory unit and executed by processors.
The memory unit may be implemented within the processor
or externally to the processor. In the latter case, it can be
communicatively coupled to the processor via various means,
as is known in the art. Additionally, the components of the
systems described herein may be rearranged and/or comple-
mented by additional components in order to facilitate the
achievements of the various aspects, etc., described with
regard thereto, and they are not limited to the precise configu-
rations set forth in the given figures, as will be appreciated by
one skilled in the art.

Thus, according to an embodiment, the apparatus for per-
forming the tasks of FIGS. 1to 7 comprises processing means
for determining a maximum allowed time duration, and pro-
cessing means for performing within the determined maxi-
mum allowed time duration: obtaining information related to
one or more selected carriers from at least one neighboring
base station, selecting the at least one cell-specific base car-
rier for data transmission on the basis of the obtained infor-
mation, and informing the at least one neighboring base sta-
tion of the selected cell-specific base carrier. Embodiments of
the invention may be implemented as computer programs
according to the embodiments. The computer programs com-
prise instructions for executing a computer process for
improving the cell-specific base carrier selection. The com-
puter program implemented in the apparatus may carry out,
but is not limited to, the tasks related to FIGS. 1 to 7. The
computer program may be stored on a computer program
distribution medium readable by a computer or a processor.
The computer program medium may be, for example but not
limited to, an electric, magnetic, optical, infrared or semicon-
ductor system, device or transmission medium. The computer
program medium may include at least one of the following
media: a computer readable medium, a program storage
medium, a record medium, a computer readable memory, a
random access memory, an erasable programmable read-only
memory, a computer readable software distribution package,
a computer readable signal, a computer readable telecommu-
nications signal, computer readable printed matter, and a
computer readable compressed software package.

Even though the invention has been described above with
reference to an example according to the accompanying
drawings, it is clear that the invention is not restricted thereto
but can be modified in several ways within the scope of the
appended claims. Further, it is clear to a person skilled in the
art that the described embodiments may, but are not required
to, be combined with other embodiments in various ways.

The invention claimed is:

1. A method comprising:

determining a maximum allowed time duration;

determining a first minimum allowed time duration;

performing a process of obtaining information related to
one or more selected carriers from one or more neigh-
boring base stations, selecting at least one cell-specific
base carrier for data transmission on the basis of the
obtained information, and informing the one or more
neighboring base stations of the selected cell-specific
base carrier, wherein the duration of the process is at
least the period of the first minimum allowed time dura-
tion and is dynamically determined based on the number
of'the one or more neighboring base stations; and

repeating the process, thus enabling reselection of the cell-
specific base carrier, wherein the aggregate duration for
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the consecutive processes is within the determined
maximum allowed time duration.

2. The method of claim 1, the method further comprising:

disregarding the information obtained from a neighboring

base station when it is determined that propagation loss
from the neighboring base station is above a predefined
threshold.

3. The method of claim 1, wherein the information related
to one or more selected carriers from the one or more neigh-
boring base stations indicates the one or more carriers the one
or more neighboring base stations are applying and which of
the one or more carriers applied is a base carrier primarily
used for data transmission, wherein the possible carriers to be
applied by any base station are predefined.

4. The method of claim 1, the method further comprising:

obtaining information of the selected cell-specific base

carrier from the one or more neighboring base stations;
and

repeating the process when the obtained information indi-

cates that interference above a predefined threshold is
caused to at least one of the one or more neighboring
base stations.

5. The method of claim 1, wherein the time duration for
each repeated process is no greater than the maximum
allowed time duration.

6. The method of claim 1, the method further comprising:

determining a selection time duration; and

performing the process of obtaining information from at

least one of the one or more neighboring base stations
and selecting the cell-specific base carrier, wherein the
duration of the process is the selection time duration.

7. The method of claim 6, the method further comprising:

dynamically deciding to repeat the process of obtaining

information from at least one of the one or more neigh-
boring base stations and selecting the cell-specific base
carrier, wherein the aggregate duration of the consecu-
tive processes is the determined selection time duration.

8. A computer program product embodied on a non-tran-
sitory distribution medium readable by a computer and com-
prising program instructions which, when loaded into an
apparatus, execute the method according to claim 1.

9. An apparatus comprising:

at least one processor and at least one memory including a

computer program code, wherein the at least one
memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at
least to:

determine a maximum allowed time duration;

determine a first minimum allowed time duration;

perform a process of obtaining information related to one

or more selected carriers from one or more neighboring
base stations, selecting at least one cell-specific base
carrier for data transmission on the basis of the obtained
information, and informing the one or more neighboring
base stations of the selected cell-specific base carrier,
wherein the duration of the process is at least the period
of the first minimum allowed time duration and is
dynamically determined based on the number of the one
or more neighboring base stations; and

repeat the process, thus enabling reselection of the cell-

specific base carrier, wherein the aggregate duration for
the consecutive processes is within the determined
maximum allowed time duration.

10. The apparatus of claim 9, wherein the at least one
memory and the computer program code are further config-
ured, with the at least one processor, to cause the apparatus to:
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disregard the information obtained from a neighboring
base station when it is determined that propagation loss
from the neighboring base station is above a predefined
threshold.
11. The apparatus of claim 9, wherein the information
related to one or more selected carriers from the one or more
neighboring base stations indicates the one or more carriers
the one or more neighboring base stations are applying and
which of the one or more carriers applied is a base carrier
primarily used for data transmission, wherein the possible
carriers to be applied by any base station are predefined.
12. The apparatus of claim 9, wherein the at least one
memory and the computer program code are further config-
ured, with the at least one processor, to cause the apparatus to:
obtain information of the selected cell-specific base carrier
from the one or more neighboring base stations; and

repeat the process when the obtained information indicates
that interference above a predefined threshold is caused
to at least one of the one or more neighboring base
stations.

13. The apparatus of claim 9, wherein

the time duration for each repeated process is no greater

than the maximum allowed time duration.

14. The apparatus of claim 9, wherein the at least one
memory and the computer program code are further config-
ured, with the at least one processor, to cause the apparatus to:

determine a selection time duration; and

perform the process of obtaining information from at least

one of the one or more neighboring base stations and
selecting the cell-specific base carrier, wherein the dura-
tion of the process is the selection time duration.
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15. The apparatus of claim 14, wherein the at least one
memory and the computer program code are further config-
ured, with the at least one processor, to cause the apparatus to:

dynamically decide to repeat the process of obtaining
information from at least one of the one or more neigh-
boring base stations and selecting the cell-specific base
carrier, wherein the aggregate duration of the consecu-
tive processes is the determined selection time duration.

16. An apparatus comprising:

processing means for determining a maximum allowed
time duration;

processing means for determining a first minimum allowed
time duration;

processing means for performing a process of obtaining
information related to one or more selected carriers from
one or more neighboring base stations, selecting at least
one cell-specific base carrier for data transmission on the
basis of the obtained information, and informing the one
or more neighboring base stations of the selected cell-
specific base carrier, wherein the duration of the process
is at least the period of the first minimum allowed time
duration and is dynamically determined based on the
number of the one or more neighboring base stations;
and

processing means for repeating the process, thus enabling
reselection of the cell-specific base carrier, wherein the
aggregate duration for the consecutive processes is
within the determined maximum allowed time duration.
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